AD-A1T3  8»5 


UNCLASSIFIED 


LUAINESCENCE  IN  APPLIED  MAGNETIC  FIELDS(U)  WASHINGTON 
STATE  UNIV  PULLMAN  DEPT  OF  CHEHISTRV  G  A  CROSBV 
28  OCT  86  TR-4-0NR  N00814-83-K-S689 


AD-A173  805 

f  DOCUMENTATION  PAGE 

la.  R£?(  1111  '  J  lb- RESTRICTIVE  MARKINGS 

UNCLASSIFIED  L-/  I  Iv  I 


<® 


2b.  DECLASSIFICAT.ON  /DOWNCRAOI 


4.  PERFORMING  ORGANIZATION  RE 

ONR-TR-4 


public 

s 


M8ER(S) 

&I 


S  MONITORING  ORGANIZATION  REPORT  NUMBER;S> 


6a  NAME  Or  PERFORMING  ORGANIZATION 

Washington  State  University 
Department  of  Chemistry 


6c.  ADDRESS  (City,  State,  and  ZIP  Code) 

Pullman,  WA  99164-4630 


Sa.  NAME  OF  FUNDING  /SPONSORING 
ORGANIZATION 


Sc.  ADDRESS  (City,  State,  and  ZIP  Code) 


he  OFFICE  SYMBOL  '7a  NAME  Oc  MONITORING  ORGANIZATION 

nt  appimbie)  Office  of  Naval  Research 

Chemistry  Division 


7b  ADDRESS  iCify,  State,  and  ZIP  Code) 

Arlington,  VA  22217 


3b  CFf.CE  jYMBOi. 
(If  applicable) 


9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

N00014-83-K-0609 


10  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 
ELEMENT  NO 


PROJECT 

TASK 

NO. 

NO 

NR  051-848 

WORK  UNIT 
ACCESSION  NO 


11.  TITLE  (Include  Security  Claudication) 

Luminescence  in  Applied  Magnetic  Fields 


12  PERSONAL  AUTHOR(S)  run-,  « 

Crosby,  Glenn  A. 


13a.  TY^E  OF  REPORT  .  1  3b  TIME  COVERED  114.  DATE  OF  REPORT  'Year,  Month,  Day) 

Final _ from  l.miR.I  to  -MSpnflfil  10/28/86 


16.  SUPPLEMENTARY "  NOTATION 


17. 

COSATI  CODES  | 

FIELD 

GROUP 

SUB-GROUP 

07 

___  04 

_ !  18  SuB.'EcTTi 
*  mannflti 


SUBJECT  TERMS  (Continue  cn  reverse  . f  necessary  and  identify  by  block  n,jmc>e') 

magnetic  perturbations,  external  fields,  frequency  snifts, 
transition  metal  complexes,  thermal  modulation 


19.  ABSTRACT  ( Continue  on  reverse  it  necessary  ana  identify  by  block  number)  J 

' — 8  i 

““External  fields  (0-6  kG)  applied  to  inorganic  complexes  of  (nd)^.  configurations  were  f 
shown  to  produce  macroscopic  changes  in  luminescence  frequencies  and  lifetimes.  Frequency  | 
shifts  of  ru400/cm’^'were  observed.  A  theoretical  study  of  the  octaphospnitoplatinumill)  ? 
ion  was  completed  that  relates  cne  changes  in  optical  properties  to  the  degree  of  spin-orbitjj 
coupling  in  the  anion.  A  search  for  complexes  o4-'  iridium(I)  and  rhodium(I)  possessing 
energy  level  schemes  propitious  for  observing  large  perturbations  of  optical  properties  by 
relatively  small  external  fields  was  conpleted  and  revealed  several  promising  candidates. 

The  technique  of  thermal  modulation  spectroscopy  was  developed  and  applied  to  several  types 
of  complexes  to  evaluate  them  for  future  magnetic  perturbation  measurements. 


OTIC  tIll  COB 


20.  DISTRIBUTION  'AVAILABILITY  OF  ABSTRACT 

duNCLASSITiEDtUNUMlTED  □  SAME  AS  RPT  G  OTIC  USERS 

21  ABSTRACT  SECuR’TY  CiAlS.FCA'  uN 

(Jrclassi  ried/:ml  imi  ted 

22a  MAMS  OF  RESPONSIBLE  INDIVIDUAL 

Harold  E.  Guard 

Zzb  'ti.rPHONi:  imc’ude  v,*j  i.ooe)  |  -  C  .  S-VBO. 

(202)  696-4-r.g  j  1H3?0 

DO  FORM  1473, 84  mar 

t>6  11 


tii  APl<  *U.?«0 n  Olay  be  used  until  tnh.s^te;: 
A.i  other  editions  are  obsolete 

050 


secjR!Tv_c.  asst  ex 7  on  rc 

UNCLASSIFIED 


•tv*** 


^  -1 


OFFICE  OF  NAVAL  RESEARCH 


ps-"  ■ 


FINAL  REFORT 

PUBL I  CAT I ONS/PATENTS/PRESENTAT IONS/HONORS/STUDENTS  REPORT 


for 

Contract  N00014-83-K-0609 

R  &  T  Code  N63374 
Replaces  Old 
Task  #NR  051-848 

Luminescence  In  Applied  Magnetic  Fields 

G.  A.  Crosby 


Department  of  Chemistry 
Washington  State  University 
Pullman,  WA  99164-4630 


Reproduction  in  whole,  or  in  part,  is  permitted  for  any  purpose  of  the  United 
States  Government. 


*  This  document  has  been  approved  for  public  release  and  sale;  its  distribu¬ 
tion  is  uni imited. 


wji  vrr. 


'TT7' 


vv 


'3 


FINAL  REPORT  FOR  THE  PERIOD:  1  July  1983  -  30  September  1986 
For  Contract  N00014-83-K-0609,  R  &  T  Code  N63374  (Old  Task  No.  NR  051-848) 


>  vv 


A**- 

h  *  A  . 
-  -  • 


-  ^ , 


*  \  v 


Summary  of  Accompl i shments 

The  fundamental  goal  of  the  project  was  to  induce  macroscopic  changes  in  the 
optical  properties  of  transition  metal  complexes  by  the  application  of  external 
magnetic  fields.  We  succeeded. 


V  \ 


Proof  of  the  feasibility  of  the  original  concept  was  supplied  by  experiments  on 
the  complex  [ Ir (2=phos)2]C104  [2=phos  is,  c 1 s- 1 . 2-b i s-d i pheny 1 phosph i no ) - 
ethylene].  We  obtained  6 a  large  (~400  cm  )  shift  in  the  frequency  of  the 
emission  in  an  external  field.  These  results  are  contained  in  ONR-TR-1.  [See 
literature  reference  (1)  below.]  Since  this  molecule  is  a  prototype  molecule, 
the  result  is  very  significant. 

During  the  investigations  we  also  discovered  a  novel  low-level  excited  state (s) 
in  closed  shell  complexes.  This  discovery  was  reported  in  ONR-TR-2  and  in  the 
open  literature  (2).  We  also  showed  that  these  excited  states  were  not  in 
thermal  equilibrium  with  the  ir-n  states  of  the  systems  and  that  the  barrier  to 
energy  migration  could  be  measured.  The  first  such  measurement  on  any  complex 
was  included  in  ONR-TR-3  and  reference  (3). 

We  also  investigated  the  effect  of  external  magnetic  fields  on  the  emission  of 
the  barium  salt  of  the  octaphosphitoplatinum( 1 1 )  ion.  The  changes  in  properties 
induced  by  the  field  were  unusually  large.  Moreover,  we  observed  large  effects 
both  in  the  crystals  and  in  glasses  containing  this  ion.  The  results  will  be 
submitted  for  publication. 

We  have  also  completed  a  theoretical  calculation  on  the  effect  of  a  magnetic 
field  on  the  octaphosphitop!atinum( 1 1 )  ion.  We  repeated  the  energy  calculation 
of  Azumi  et  al.  [vK.  Phys.  Chem,  88,  2423-2425  (1983)],  but  the  published  wave 
functions  are  not  suitable  for  applying  the  magnetic  perturbation.  We  are  now 
investigating  the  effect  of  external  magnetic  fields  on  both  the  frequencies  and 
the  lifetimes  using  our  set  of  bases.  4  These  are  properly  symmetry  adapted  to 
the  problem.  The  theoretical  results  look  very  promising  for  guiding  us  to  new 
systems  that  may  show  even  larger  spectroscopic  effects  when  subjected  to 
external  fields.  The  important  feature  of  the  theoretical  study  is  to  find 
which  are  the  major  terms  in  the  field  perturbations. 


During  the  tenure  of  the  contract  we  also  refined  the  technique  of  Thermal 
Modulation  Spectroscopy  for  the  study  of  low-lying  excited  states  of  transition 
metal  complexes  whose  splittings  are  not  emenable  to  measurement  by  standard 
techniques  such  as  direct  infrared  spectroscopic  observation  or  indirect  J 
measurement  by  microwave-optical  double  resonance  methods.  The  application  of  i 
TME  to  transition-metal  complexes  will  be  discussed  in  detail  in  a  forthcoming 
publication  [G.  A.  Crosby  and  K.  J.  Jordan,  "Application  of  Thermal  Modulation 
in  Luminescence  Spectroscopy";  Manuscript  in  preparation  (2)]. 
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